A Relational Data Base Implemented Using
MBASIC

R. M. Smith
DSN Facility Operations Office

The implementation of a relational data base in MBASIC is described. Five
relational operations are implemented, and their use on two data bases is

described.

l. Introduction

The relational model of data is presently state-of-the-art
in data base technology. The relational approach offers a
simply understood, generalized data model that allows a
relatively easy attainment of security, integrity, and
privacy controls as well as implementation of the usual
query and update transaction capability. The model also
allows relatively easy expansion and reorganization. For
these reasons, the relational model is an attractive
candidate for the DSN Facility Operations data base. This
article describes initial efforts at exploring the features of
the relational model. Included in the scope of this effort
was the construction of a demonstration relational data
base and the implementation in MBASIC of several
relational data base manipulation operations. The capabil-
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ity to manipulate the data base with the operations was
demonstrated.

Il. Relational Structure

In the relational model, data are organized into arrays
(called relations) with fields (called domains), so that each
record entry (called a tuple) is essentially a set of
attributes describing one or more characteristics of a real-
world entity. For instance, the relation “equipment
identification” might be described by the following set of
domain names:

CONTROL MANUFACTURER MODEL | USAGE PROPERTY
NUMBER CODE CATEGORY | NUMBER
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Adding domain values would record the identification of
equipment:

CONTROL | MANUFACTURER | oo | USAGE PROPERTY

NUMBER CODE CATEGORY | NUMBER
AATA23 HEA 52451 93 J270(F)12345
AB5CH1 TEA 547 g7 LA546785
AA2B47 EPI 100 1) NONE

Other relations may be constructed to describe other
relationships such as equipment location, service history,
etc.

l1l. Relational Operations

There are several specific relational operations (de-
scribed in Refs. 1 -3) that are used to manipulate data in
the data model:

(1) Join
2) Restriction

(

(3) Division
(4) Projection
(

4
5) Permutation

The reader may refer to the references for detailed
descriptions of the relational operations; the following
brief description may suffice for this reading:

(1) Join. Two relations that have at least one domain in
common may be combined in a way that preserves
all the information in both relations but does not
repeat the duplicate domain values in the resultant
tuples. The join is equivalent in action to a union of
sets.

(2) Restriction. Tuples may be selected from a relation
by testing each tuple for the presence of a specified
attribute.

(3) Division. Tuples may be selected from a relation by
testing each tuple for the presence of a specified
constant value. Tuples so selected are listed or
stored, minus the domain containing the constant
value, as though the selected tuples were remainders
in a division process.

(4) Projection. Specific domains in a relation may be
selected (striking out the others) and duplicate
tuples removed. The resultant array is a projection
of the original relation.
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(5) Permutation. Domain positions in a relation may be
interchanged, resulting in a permutation of the
relation.

IV. Examples of the Relational Operations

Figures 1, 2 and 3 use flow charts derived from
MBASIC programs described in this article (see MBASIC,
Vol. 1: Fundamentals, and MBASIC, Vol. 2: Appen-
dices, Jet Propulsion Laboratory, 1973) to illustrate the
relational operations: join, restriction, and division. The
projection operation is inherent in each of the relational
operations when either “PRINT” or “WRITE ON” is
used. Permutation is not illustrated separately but occurs
in the program ‘REFERENCE’ when the record domains
are reordered in the “PRINT” operation.

V. Description of the Data Base

The data base consists of two parts. The first part is
purely for demonstration and consists of five MBASIC files
containing equipment data to be manipulated and one file
that serves as a directory. There is one program that may
be used to demonstrate relational operations on the files.
Figure 4 illustrates the domain assignments for each
demonstration relation. Figure 5 contains a flow diagram
of the demonstration program ‘RELATIONAL’. Figure 6
illustrates the domain assignment for the directory
relation.

The program ‘RELATIONAL’ performs a relational
operation using relations, domains, and domain values
selected by the user. In performing the selected operation,
the program uses the relational operators as intermediate
steps in manipulating the selected relations and domains.

The second part is a working data base that records a
collection of technical articles and the subjects and key
words contained in the articles. There are three MBASIC
programs written especially for using the data base:

(1) ‘REFERENCE’: Locates and prints the author and
title of all articles that reference a subject or key
word selected by the user.

(2) INPUTREF’: Maps into storage new articles and
subjects or key words.

(3) ‘TERNARY’: Prints a list of subjects and key words
without printing duplications.

Figure 7 illustrates the domain assignment for the
working part of the data base. Figures 8, 9, and 10 are
flow charts for the special MBASIC programs.
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VI. Details of the Implementation and
Functions

There are several “traits” that are desirable in a
relational data base, and the following were specifically
chosen for inclusion in the described data base:

(1) Record order independence. Application programs
should generally not be dependent upon stored order
of the records.

(2) Use of domain names rather than domain positions.
The user should not have to know the positions of
domains.

(3) Deletion and addition of relations. These should not
affect application programs.

For this implementation, no effort was made to produce
a data sublanguage (Ref. 3); therefore, all transactions are
carried on in a full prompting mode, and the user deals
with individual programs.

Figures 11 and 12 contain, respectively, the content of
the demonstration files and the content of the working

files. Figure 13 illustrates a session at a terminal using the
demonstration program ‘RELATIONAL’ to produce the
join of two relations over a common domain and the
restriction of a relation. Figure 14 illustrates a session at a
terminal using the working program ‘REFERENCE’ to
produce a list of articles on a selected subject.

VII. Conclusions

The capability for exclusive use of domain names was
fully realized in the program entitled ‘RELATIONAL’.
Record order independence is observed in all relations but
one: ‘SUBJECTS’. For practical reasons, it was decided to
store ‘SUBJECTS’ in a particular, sorted order rather than
to write a program containing a sort routine. The ability
to add and delete relations was fully realized in the
demonstration program (‘RELATIONAL’) and associated
directory file (‘RREL’). All of the previously listed
relational operations take place during the operation of
the special MBASIC programs referenced in this article
and are annotated on the ‘RELATIONAL’ flow diagram.

References

1. Codd, E. F., “A Relational Model of Data for Large Shared Data Banks,”
Communications of ACM, Vol. 13, No. 6, June 1970.

2. Codd, E. F., “Normalized Data Base Structure: A Brief Tutorial,” Proceedings
of 1971 ACM SIGFIDET Workshop on Data Description, Access and Control,

ACM, New York, 1971.

3. Date, C. ], An Introduction to Database Systems, Addison-Wesley, 1975.

JPL DEEP SPACE NETWORK PROGRESS REPORT 42-30

293



OPEN 1

OPEN 2

CLOSE 2

294

INPUT FROM 1:
A$, BS, C$

A$, BS, C$

CLOSE 1, 2

'

Fig. 1. Flow chart for the relational operation ‘‘Join’’

Fig. 2. Flow chart for the relational operation ‘‘Restriction’’

( INPUT FROM 1: ’ i
A$, BS

Fig. 3. Flow chart for the relational operation “Division’
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"Loc! FAIL
LCONI FAC I SSMA I RACK | LEV ] | FAC | DATE I TIME |CON1

'ECO! 'ID* 'SHF'

LCONI ECO | STAT I [iON I MFR l MOD I CAT | PROPT [CONI DATE —I

CON = DSN CONTROL NUMBER

FAC = FACILITY

SSMA = SUBSYSTEM AND MAJOR ASSEMBLY
RACK = RACK

LEV = LEVEL

ECO = ENGINEERING CHANGE ORDER
STAT = STATUS

DATE = DATE

TIME = TIME

MFR = MANUFACTURER THREE LETTER CODE
MOD = MODEL

CAT = CATEGORY
PROP = PROPERTY NUMBER

'LOC': EQUIPMENT LOCATION DATA
'FAIL': EQUIPMENT FAILURE HISTORY DATA
'ECO': EQUIPMENT DESIGN DATA

'ID': EQUIPMENT IDENTIFICATION DATA
'SHF': EQUIPMENT SERVICE HISTORY DATA

Fig. 4. Demonstration relations and domains
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RELATIONAL
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RELATIONAL
OPERATOR; RO$
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CLOSE 1, 2 'FILE NOT
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v
gos = JOIN bQ = 2
DETERMINES
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TYPE OF
RELATIONAL
TRANSACTION Y °
N
DIM
D1, D2$
INPUT !
FL1S, DN$, DV$ OPEN "STORE 1,
SETS THE INPUT, 3
PROPER
VARIABLES
FOR THE
SELECTED

TRANSACTION

INPUT
FL1$, FL2§, DN$

DIM
F$, D, T, D$
i CLOSE 3
OPEN '*STORE 1',
OuTRUT, 1 1
‘ OPENS DRRECTORY Q =DI(1) PROJECTION
RREL! AND IDENTIFIES
%PPES'T RZREL ! THE DOMAINS OF I
‘ THE SELECTED
RELATION (FL1$) STRING
OPEN FL1$,
INPUT, 4

CLOSE 4

RESTRICTION ‘

AND PROJECTION PROJECTION
WRITE ON 1:

D(1), D§ (1) ( N = D(1)

|

RESTRICTION
AND PROJECTION

-

F$(1) = FLIS
?

PRINT A$ (1)
FOR1=1TON

Fig. 5. Flow diagram for the MBASIC demonstration program ‘RELATIONAL’
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RELATION (FL2$)

DIM
F$, D, T, D$
OPEN "STORE 2",
oUTPUT, 1
OPENS DIRECTORY AND
O Ryt IDENTIFIES THE DOMAINS
’ OF THE SELECTED

WRITE ON 1:
DX, 0$ (Y

RESTRICTION
AND PROJECTION

PROJECTION

CLOSE 1, 2

?

DIM
D1, D2%

{

OPEN '*STORE 2,
INPUT, 12

! D1, D2%
025 = DN$
?

(NPUT

Y

2

CLOSE 12

i

P=D¥{1

1}

STRING A$ (N)
STRING B (M)

1

OPEN FLTS,
INBUT, 10

{

DiM
D1, D2%

{

OPEN "*STORE V',
INPUT, 9

OPEN FL2%,
INPUT, 11

CLOSE 11

CLOSE ¢

INPUT FROM
10: AS(D),
1= 1TON

INPUT FROM
11: B§(1),
I=1TOM

PROJECTION

JOIN AND
PROJECTION

CLOSE 10, 11

STOP

l PROJECTION

Q =D1(YH)

~©

Fig. 5. (contd)
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'RREL"

FILENAME DONER. S s | DOMAIN NAME
FILENAME = MBASIC NAME OF A RELATION FILE

E,?ng,';‘ = THE DOMAIN POSITION IN THE RELATION
SE%NOWNS = TOTAL QUANTITY OF DOMAINS IN THE RELATION
DOMAIN = THE NAME ASSIGNED TO THE SPECIFIC DOMAIN

Fig. 6. Domain assignment for the directory relation ‘RREL’

'SUBJECTS'
REF # SUBJECTS
'ARTICLES!
REF # TITLE AUTHOR
REF # = A UNIQUE FILE NUMBER ASSIGNED TO AN ARTICLE

SUBJECT = A SUBJECT NAME OR A KEY WORD
TITLE = THE TITLE OF AN ARTICLE
AUTHOR = THE NAME OF THE ARTICLE'S AUTHOR

Fig. 7. Working relations and domains
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REFERENCE

STRING AS$, 8%, C$
STRING S$
STRING D$, E$

!

INPUT ‘
SUBJECT:
OPEN 'ARTICLES®,

S$
INPUT, 3
Y
INPUT
A$, BS, C$
N

PRINT ALL
ARTICLES

OPEN 'SUBJECTS',
INPUT, 1

R

OPEN 'ARTICLES®,

CLOSE 3

{NPUT, 2

CLOSE 1 —

{ STOP )

INPUT
FROM 2:
A$, B$, C$

CLOSE 2

Y
PRINT
A% C$: CHAR (13)
B

Fig. 8. Flow diagram for the MBASIC working
program ‘REFERENCE’
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TERNARY

A$(3), 83 (3)

B$(2) = B$(3)
3

WRITE ON 5:
B$ (1) FOR
1=2T03

B$ (1) ==B$(3)

Q-3 OPEN **GRPZM',
= OUTPUT, §
STRING
2$ (1) =B$(2 A$, BS
OPEN 'SUBJECTS',
INPUT, 1
B$ (2)= =B$(3) }
1 T = CPUTIME
INPUT FROM T: Q=1

INPUT
A$, BS

WRITE ON 5:
B$ (1)

B$ (1) =B$ (3)

' 2
INPUT FROM 1:
AS (D), BS (1),

1=2703

B$ (1) <B$(2)
2

PRINT B$

WRITE ON 5:
B$ (2)

!

CLOSE 1, 5

!

S = CPUTIME

i

—1

PRINT S-T

CLOSE 1

®
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COPY '*GRPZM'
TO TERMINAL

Fig. 9. Flow diagram for the MBASIC working program ‘TERNARY’
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INPUT REF

DIM
R, T$, AS

INPUT OPEN '"*TRAN',
™ R, T$, AS$, Q OUTPUT, 1

PRINT INSTR
TO INPUT Q

STRING WRITE ON 1:
RR, S$ R, T$, AS$
}('E”’Ls’g CLOSE 1

’
PEN ' . APPEND

e o

' JARTICLES'

WRITE ON 2:
RR, S$

INPUT

USING; MORE
REFS?: AN$

CLOSE 2

APPEND
"*HOLD' TO
'SUBJECTS'

PRENT:
'SORT
SUBJECTS!

Fig. 10. Flow diagram for the MBASIC working program ‘INPUTREF’
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Fig. 11. Content of demonstration relations
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COPY *SUBJECTS TO TERMIMAL
HHL-HUHEH

W FALIDIT

wHHTHHHTED FROGEAMMIMG
B AUTOMATED FROGEAMMIMNG
FES COMPO= T T IO

A COMHSISTEMCY

Eissy COHS TSTEMHCY

Al e COMHSTETEMNCY

FES s COHS TS TEMNCY

AL TATA DEFIMITION LARHGLAGE
ASlDATA DEFIMITION LAMGUAGE
G5 DATA DEFIMITION LARHGLAGE
5 SDATH DEFIHITION LAMNGUAGE
AEZs ORTH DESCRIPTION

AFL DRTH VAL IDART ION

S DATA UALIDATION

o DA THEASE

L IRTREASE

ASZ DRTABASE

_ THTHEH"F

By o, =1

wRELR,

s EELFAT TOMHL

A%E s FELAT IOHAL

s FELATIONAL

fr RELAT IOMHAL

A7 RELATIONAL

FESs RELAT TOHAL

v FELAT IOMHAL

 RELATIOMHAL

tn RELAT IOMAL

AT RELAT TOHAL

ATE RFELATICHAL ITHFLEMEHTRTIONS
B RESTRICTION

' TEICTION
i HEITY
 SECURITY

“'d.“EEURITf

Fig. 12. Content of working relations
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Fig. 12, (contd)
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Fig. 13. A session at a terminai using e moAdIL program ‘RELATIONAL’
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Fig. 14. A session at a terminal using the MBASIC program ‘REFERENCE’
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